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Abstract

Objectives There is a lack of prognostic information to guide the prediction of short-term all-cause mortality in
patients with end-stage renal disease (ESRD). The aim was to review the risk factors that influenced the risk of short-
term all-cause mortality in patients with ESRD.

Methods MEDLINE, Embase, PubMed, CINAHL, the Cochrane Library and Web of Science databases were searched
for articles published between 2000 and 2020. Articles describing risk factors predicting short-term mortality (<3
years) in patients with ESRD were included. Four reviewers independently performed title, abstract, full text screening
and data extraction. Assessment of risk of bias was assessed using the Quality In Prognosis Studies (QUIPS) tool
checklist.

Results 20,840 articles were identified and 113 papers were included for this review. Of the 113 papers, 6.2%
included only peritoneal dialysis (PD) patients, 67.3% included only hemodialysis (HD) patients, 20.4% included both
PD and HD patients, with the remaining papers featuring patients on conservative management or awaiting renal
transplant. Risk factors were categorised into 13 domains: 1)demographics/ lifestyle, 2) comorbidities 3)intradialytic
blood pressure, 4)biomarkers, 5)cardiovascular measurements, 6)frailty status, 7)medications, 8)treatment related
indicators, 9)renal related parameters, 10)health status, 11)cause of ESRD, 12)access to healthcare care/ information
and, 13)proxy measures for poor health. C-reactive protein(CRP), age, and functional status were observed to have
higher percentage of instances of being significantly associated with all-cause mortality.

Conclusion Commonly examined risk factors observed from this review may be used to build a general prognostic
model for patients with ESRD, with specific treatment related risk factors added on to enhance the accuracy of the
models.
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Introduction

The incidence of end-stage renal disease (ESRD) will
grow with an increasingly aged population suffering with
multimorbidity [1, 2]. Between 1990 and 2017, the global
prevalence of chronic kidney disease (CKD) increased
by 29.3% to affect 700 million individuals [3, 4]. The
age-standardised incidence of ESRD treated with dialy-
sis increased by 43% [3, 4], whilst deaths due to CKD
increased by 41.5% between 1990 and 2017 [3, 4]. ESRD
is a costly and disabling condition with a high mortality
rate [3]. Patients with ESRD have a high symptom bur-
den, and consequently a poor quality of life [5, 6]. Given
the impact of symptoms experienced by ESRD patients,
renal supportive care is an important resource in the
holistic management of the patients’ evolving needs
throughout their disease trajectory [5, 7].

Despite the importance and potential benefits, renal
supportive care is underutilised [7]. In the United
States, dialysis patients accounted for only 3% of those
admitted to hospice with non-cancer diagnosis, and a
small minority of dialysis patients who died had ever
received hospice or palliative care services [7]. In
addition, patients are often referred late in their dis-
ease trajectory, resulting in presentations dominated
by complex care needs and continued reliance on the
acute care system [7]. Current barriers to renal sup-
portive care include a lack of understanding of benefits
involved, inadequate palliative services in a straitened
health care workforce and lack of standardised refer-
ral frameworks [8—10]. A lack of understanding of the
benefits also contributed to patients’ negative percep-
tions and rejection of renal supportive care even when
referred [8]. In the United States, 24% of patients who
discontinued dialysis rejected hospice care, suggest-
ing a lack of understanding of the benefit to symptom
support at the end of life [11]. Inadequate palliative
care services also meant that there were insufficient
resources to provide care for patients [10]. In the
United States, nearly one third of hospitals (702 out
of 2293) with more than 50 beds do not have pallia-
tive care services [12]. Further, in a survey conducted
among American and Canadian clinicians, nephrolo-
gists tend to be poorly trained in palliative care and
remain uncomfortable in this aspect of clinical care.
Together, these barriers result in uneven access to
renal supportive care services and underdeveloped
models of care [7, 13].

The lack of standardised frameworks affect timely
referrals to renal supportive care to meet the needs of
these patients [9]. A standardised referral framework
based on needs assessment is preferred to identify
patients for renal supportive care to avoid the pursuit
of aggressive treatment options when the disease tra-
jectory is one of decline. However, such a framework
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is currently lacking for ESRD, contributing to patients’
pursuit of aggressive treatment options without a
holistic understanding of their health condition and
limitations of treatment [14]. To facilitate identifica-
tion of patients in a timely manner, in alignment with
institutional resource capacity to provide care, prog-
nostication models can help identify patients for pal-
liative needs assessments and subsequent referral. The
Kidney Disease Improving Global Outcomes (KDIGO)
and the American Society of Nephrology ‘Choosing
Wisely’ campaign emphasise that individualised prog-
nostic information should be utilised to help patients
and families make informed decisions regarding choice
of treatment based on disease trajectory to avoid deci-
sional regret [15—18]. Prognostic information will bet-
ter prepare clinicians for realistic discussions about
medical treatments and limitations with patients and
their family, with a view to offering continued support
with renal supportive care [19, 20].

The average life expectancy of ESRD patients on
renal replacement therapy or conservative treatment
is 2-10 years [21, 22]. Therefore, an individualised
prognostic framework based on 3-year mortality will
support decision making for patients and families by
providing valuable information on treatment options
and likely outcomes [23]. Additionally, it will aid cli-
nicians in identifying patients who require renal
supportive care, enabling clinicians to share evidence-
based prognostic information, prognosis and goals of
care with patients [21, 23, 24]. Recent reviews on prog-
nostic factors have a wide mortality risk period range
(e.g., 1 to 10 years) [25-29], and tend to be focused
on specific populations (e.g., elderly patients on hae-
modialysis or patients on peritoneal dialysis) [25-29],
limiting the generalisability and clinical utility of the
findings. For example, prognostic information specific
to the population of elderly patients on haemodialy-
sis may not be applicable to patients on conservative
treatment or peritoneal dialysis. Critically, there are a
lack of prognostic models for patients on conservative
management or at the time of treatment.

Hence, the aim was to review risk factors that influ-
ence 3-year all-cause mortality in patients with ESRD.
Findings from this study will provide important infor-
mation to build prognostic tools to support early iden-
tification of patients with ESRD who would benefit
from integrated renal supportive care interventions.

Methods

A scoping review was systematically conducted by
adopting a five-stage methodological framework pro-
posed by Arksey and O’Malley [30, 31]. Summarisa-
tion and reporting of the evidence were guided by
the Preferred Reporting Items for Systematic Reviews
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(PRISMA) Extension for Scoping Reviews checklist
and published guidelines for prognostic factor studies
[32, 33].

Search strategy

Any study that examined risk factors for short-term
all-cause mortality (<3 years) in patients with ESRD
was eligible for inclusion in the current review. MED-
LINE, Excerpta Medical database (EMBASE), PubMed,
Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL), Cochrane Library and Web of Science
electronic databases were searched for articles pub-
lished from 2000 up to 11 November 2020. The search
strategies were co-drafted with a librarian, and further
edited through team discussions with inputs from pal-
liative care physicians and nephrologists (Supplemen-
tary Tables 1-2).

Eligibility criteria

We included original research articles and observa-
tional studies which described factors that predicted
short-term all-cause mortality in patients with ESRD
or conducted validation of existing models. A study
was eligible for inclusion if the following criteria was
met: (1) the study included patients with ESRD or
on renal replacement therapy or conservative treat-
ment aged 18 years and above; (2) papers which either
reported multivariable analysis or conducted valida-
tion of existing models (Supplementary Table 1).

We excluded papers not specific to patients with
ESRD, reporting competing risk analyses (Supplemen-
tary Table 1). Non-English language articles, letters,
editorials, narrative reviews, commentaries, and care
reports were excluded.

Titles and abstracts screening were independently
undertaken by four different reviewers. Any inconsis-
tencies between two reviewers were settled through
discussions amongst the four authors. Full-text screen-
ing was undertaken by four different authors. Dis-
agreements between the two authors were resolved by
a third reviewer.

Data extraction

Data extraction was performed by four reviewers. Dis-
agreements were resolved through discussions with
a third reviewer. Information regarding study design,
sample size, missing data, statistical methodology, out-
come information, covariates, risk factors assessed in
the final analyses, and model validation were extracted.
In addition, the direction of association of covari-
ates, risk factors in the final model and sub-analyses
were also extracted. COVIDENCE Systematic Review
Software (Veritas Health Innovation, Melbourne,
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Australia) was used to facilitate title, abstract, full-text
screening and data extraction of the studies [34].

Risk of bias

Risk of bias in each study was assessed using the Qual-
ity In Prognosis Studies (QUIPS) tool checklist [35]. Each
study was classified to be of low, moderate or high risk
of bias in each of the six domains (study participation,
study attrition, prognostic factors, outcome measure-
ments, adjustment for other factors, statistical analysis
and reporting). Differences in risk assessments between
authors were resolved in discussions between the
reviewers.

Data synthesis

Study characteristics of included papers were sum-
marised. The list of risk factors was presented for discus-
sion with an expert workgroup comprising researchers,
palliative care specialists and nephrologists who worked
on the grouping of risk factors into different domains.
Currently, there are no existing frameworks to guide the
categorisation of risk factors of mortality in the ESRD
population. Risk factors were grouped based on the
domains the risk factors represented, and the groups
were aligned with the grouping of risk factors in the pri-
mary studies. For example, age, gender, ethnicity, and
smoking status describe demographic characteristics
or lifestyle choices of an individual and were grouped
together in the demographics/lifestyle domain. Readmis-
sion and history of hospitalisation are proxy indicators
of poor health and were grouped together in the same
category. Overall, risk factors were categorised into 13
domains after the discussion.

Number of papers by risk factors

To provide a comprehensive description of the risk fac-
tors that were frequently examined, the number of papers
with a reported direction of association of each risk fac-
tor with all-cause mortality was tabulated. Papers that
did not report the direction of association for the exam-
ined risk factor were excluded (Table 1).

Number of papers by domains

To provide a summary of the domains that were fre-
quently examined, the number of papers with a reported
direction of association for each risk factor in the specific
domain were tabulated (Fig. 1).

Percentage of models that reported a significant
association between risk factors and mortality

The proportion of models with a reported direction of
association where the association was statistically sig-
nificant was tabulated. The following calculation was per-
formed: the number of models with a reported significant
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Table 1 Summary of commonly examined risk factors

Decreased
mortality

risk

Increased mortality risk

% models

No. models
which were

No. of

No. of papers

Risk factor

Domain

which were
significant

79.7%

models

significant

100% [36, 40-48, 50-58, 61-66,

68,70, 71]

64

37 [36-71]

Increasing age

Demographics/ lifestyle

100% [42,44-47,52,57,61,62]

40.6%
45.8%
74.1%

32
24
27

20 [39,42-48,50-53, 56, 57, 61,62, 66,67,72,73]

Female, gender

Demographics/ lifestyle

Comorbidities

(2024) 25:71

9.1% [46]
5% [68]

90.0% [36, 42, 49, 50, 56, 57, 74]
95% [36, 37, 43-46, 49, 64, 68,

70,71]

[36,39,42-47,49, 50, 55-57, 66, 67, 69-71, 74]
18 [36,37,42-47,49, 50, 55, 64, 68,70, 71, 74-76]

19

Presence of diabetes

20

Presence of heart conditions

Comorbidities

100% [44-46, 61, 66]

74.1%
81.5%
37.9%

20

27
27

19 [44-49, 54-56, 61, 64, 66,67, 71,73, 77-80]

12[38,43,47,48,63,65,71,78,80-83]
10 [22,42,44-47,55, 56, 67, 80, 84]

Decreasing albumin levels

Biomarkers
Biomarkers
Biomarkers

100% [38,43,47,48,65,78,82,83] -

22

Increasing C-reactive protein
Increasing haemoglobin

levels

100% [42,

29

44-46, 56]

25% [42, 64]

75% [44-46]

69.6%
75.0%

23
20

11[42,44-47,52, 56,64, 79]

Lower body mass index
9 [44-46, 53, 85-89]

Poor functional status

Frailty status

100% [44-46, 85-89]

Frailty status
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association within a specified domain divided by the total
number of models with a reported direction of associa-
tion within a specified domain multiplied by 100.

Results

In this study, 20,840 articles were identified. Of these,
2,004 were included for full text screening. After exclud-
ing papers that did not meet the inclusion criteria, 113
papers were included for this review (Fig. 2).

QUIPS

The majority of papers were rated moderate risk of bias
for statistical analysis and reporting (88 papers), adjust-
ment for other factors (83 papers) and study participation
(66 papers). The main reason for the assessment of mod-
erate risk was the lack of model diagnostics reporting,
limited adjustments on covariates and small sample size

(Fig. 1).

Study characteristics

The study characteristics are described in Table 2. The
sample size of the included papers ranged from 30 to
944,650 participants. 94 papers reported the average
age of participants (range: 45 years to 87.4 years) and
19 papers reported median age (range: 40 years to 87
years). Of the 113 papers, 6.2% included only peritoneal
dialysis (PD) patients, 67.3% included only hemodialysis
(HD) patients, with 20.4% of both PD and HD patients,
whilst the remaining papers featured patients on conser-
vative management or awaiting renal transplant. 11.5%
(n=45) of papers reported<l-year mortality whilst
88.5% (n=347) of papers reported mortality between 1
and 3 years (Table 2). 6 papers conducted validation for
the prognostic factors, of which 4 conducted external
validation.

Risk factors

150 risk factors were identified from this review (Supple-
mentary Table 3). Risk factors were categorised into 13
domains (Table 3).

Of the 13 domains, biomarkers (49 papers), demo-
graphics, lifestyle (42 papers), comorbidities (42 papers)
and treatment related indicators (37 papers) were most
examined (Fig. 3). Proxy measures of poor health domain,
access to health information and intradialytic blood pres-
sure had the highest percentage of papers that reported a
significant association with short-term all-cause mortal-
ity risk (Fig. 3).

Among the risk factors commonly examined, C-reac-
tive protein (CRP), age, functional status, and albumin
levels were more frequently observed to be significantly
associated with short-term all-cause mortality (Table 1).
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QUIPS

Statistical analysis and reporting
Adjustment for other factors
Outcome

Prognostic factor

Attrition

Participation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Low risk of bias B Moderate risk of bias

Fig.1 QUIPS

| 20840 manuscripts for title and abstract screening ‘

W High risk of bias Ineligible  m Unclear

—|

18836 studies irrelevant

v

| 2004 manuscripts for full-text screening ‘

l

A

113 manuscripts for full text extraction .

Reasons:

1891 manuscripts excluded

1167 Mortality risk period > 3 years

418 Published before 2017

149 Conference abstract/No full text/Wrong article type/Non-
English/Duplicate/Retracted

84 Excluded patient population/Includes excluded sub-
populations

38 No MVA conducted/Gender-specific analyses/Competing
risk analyses

35 Wrong outcomes/Wrong comparator/Population-level
predictor

Fig.2 PRISMA flowchart

Demographics and lifestyle

Ninety-nine papers examined the association between
demographics and lifestyle with mortality. However, only
42 papers reported the direction of association (Fig. 3).
Older age was observed to be significantly associated
with a higher mortality risk in 51 models (28 papers).
Female gender was observed to have significantly lower
risk of mortality compared to the male gender (13 mod-
els, 9 papers) (Table 1).

Comorbidities

Eighty-eight papers explored the association between
comorbidities and mortality, of which 42 papers reported
the direction of association (Fig. 1). Presence of heart
conditions (20 models, 74.1% of the models, 11 papers)

and diabetes mellitus (11 models, 45.8% of the mod-
els, 7 papers) were significantly associated with a higher
mortality risk (Table 1). Possible reasons include, small
sample size and similarity in prevalence of diabetes in
participants who passed away and those who did not,
could explain the lack of statistical significance in asso-
ciation between diabetes status and mortality in some
papers.

Intradialytic blood pressure

Four papers explored the association between intradia-
lytic blood pressure and mortality, with only 2 papers
reporting the direction of association (Fig. 3). Among
individuals on haemodialysis (n=37,094), it was observed
that the presence of intradialytic hypertension increased
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Table 2 Characteristics of studies

Characteristics Number of papers (n=113) Range
Age (years)

Mean age 94 45-87.4
Median age 19 40-87
Estimated glomerular filtration rate (GFR) (mL/min/1.73m?)

Mean 15 4.1-140
Median 10 4.0-10.1
Not reported 88 NA
Dialysis duration (months)

Mean 40 12-135
Median 29 15-92
Not reported 44 NA
Mortality rate (%)

Reported 100 1.3-51
Not reported 13 NA
Sample size of primary papers 113 30-944,650
Characteristics Number of papers Percentage
Follow-up time (months)

Mean reported 21 5-78.1
Median reported 17 9.48-39.8
Maximum reported 71 0.03-240
Not reported 4 NA
Population type

HD 76 67.3

PD 7 6.2

Mix HD and PD 23 204
Diabetic ESRD 1 0.9
Waiting for kidney transplant 1 0.9
General ESRD* 5 43
Statistical model

Cox proportional hazards 90 79.6
Logistic regression 17 15
Modified Poisson regression 3 2.7
Marginal structural Cox model 2 1.8

Lasso penalised logistic regression 1 0.9
Validation

Internal validation reported 3 2.7
External validation reported 4 35

Not performed 106 938
Characteristics Number of models (n=392) Percentage
Mortality risk period

<1year 45 11.5

1-3 years 347 88.5
<1year

1-30 days 12 26.7

>1 month to <6 months 26 57.8

>6 months to < 1 year 7 156

1-3 years

1 year 191 55

> lyear —3 years 156 45

NA: Not applicable; HD: Hemodialysis; PD: Peritoneal diaylysis; *mix of patients on renal replacement therapy or conservative management or patients prior to any

treatment/management
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Categorisation of domains

Definition

1. Demographics/ lifestyle

2. Comorbidities

3. Intradialytic blood pressure

4. Biomarkers

5. Cardiovascular measurements
6. Frailty status

7. Medications

8. Treatment related indicators

9. Renal related parameters

10. Health status

11. Cause of ESRD

12. Access to healthcare care/ information
13. Proxy measures of poor health

Variables that measure demographic characteristics and lifestyle preferences
Variables that reflect co-existing health conditions

Variables that measure blood pressure between dialysis session

Variables that provide an objective measure that provides information on the health state on an individual
Variables that measure cardiovascular function

Variables that reflect age-related reduction in physiologic reserve

Variables that describe the type of medications used by patients

Variables that describe the treatment patients are undergoing/ have undergone
Variables that reflect the health status of the kidney

Variables that reflect the overall physical status of patients

Variables that indicate the root cause of ESRD

Variables that describe an individual's access to healthcare or information
Variables that provide an indirect reflection of a patient’s health status

Proxy measures of poor health
Access to health information
Cause of ESRD

Health status

Renal related parameters
Treatment related indicators
Medications

Frailty status

Cardiovascular measurements
Biomarkers

Intradialytic blood pressure
Comorbidities

Demographics/ lifestyle

No. of papers that assessed
risk factors in each domain (n)

Fig. 3 Domains of risk factors assessed for short-term all-cause mortality

an individual’s risk of mortality [90]. In another study
conducted among 112,013 incident haemodialysis
patients, those who experienced episodes of intradialytic
hypotension were at increased risk of mortality com-
pared to patients who did not experience any episodes
intradialytic hypotension [91].

Biomarkers

Forty-seven papers examined the association between
biomarkers and mortality, with direction of association
reported in 43 papers (Fig. 3). Albumin (19 papers) and
CRP (12 papers) levels were commonly examined in this
domain. The papers that investigated the association of

7 . 100.00
4 EEE—  100.00
Q I 75,00
5 s 80.00
0 M 66.67

37 I e 75.68

12 mmmm—— 8.33

26 I 84.62

0 W 4444

40 I ——— 83.67

2 I 100.00

42 I T 80.95
42 I —— 7381

Percentage of papers that reported a
significant association (%)

albumin with mortality were conducted among patients
undergoing dialysis. 12 models (10 papers) analysed albu-
min as a continuous variable and reported a negative
association between albumin and mortality risk. When
albumin was analysed as a binary variable (8 models, 5
papers) with serum albumin>=3.5 mg/dl or 35 g/L as
reference, serum albumin levels less than 3.5 mg/dl or
35 g/L were associated with increased risks of mortality.
9 models (6 papers) amongst patients on dialysis con-
sistently reported increased levels of creatinine as being
significantly associated with decreased risk of mortal-
ity. Papers which did not report a significant association
between decreasing albumin and mortality may be due to
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the small sample sizes or extensive variables included in
the adjusted models.

Increased CRP was observed to be significantly associ-
ated with increased risk of mortality in 22 models (81.5%
of the models, 8 papers) (Table 1).

Cardiovascular measurements

Fourteen papers explored the association between car-
diovascular measurements and mortality, with 9 papers
reporting a direction of association with mortality
(Fig. 3). Association of cardiac troponin T with mortal-
ity was examined in 2 papers, of which, 1 model (1 study)
reported significant association with mortality. Specifi-
cally, increased serum levels of cardiac troponin T were
positively associated with higher mortality risk.

Frailty status

Fifty-three papers examined the association between
frailty and mortality, of which 26 papers reported direc-
tion of association (Fig. 3). Functional status (10 papers)
and body mass index (BMI) (11 papers) were most fre-
quently examined in this domain. A variety of methods
(e.g. impaired mobility, inability to ambulate, inability
to transfer, need of assistance with daily activities, inde-
pendence of daily living, short physical performance bat-
tery scores, Barthel index, grip strength) were employed
to measure functional status. Despite this, poor func-
tional status was consistently observed to be significantly
associated with higher mortality risk (15 models, 100%
of the models, 8 papers). 12 models (3 papers) reported
that BMI categories<18.5 kg/m? 18.5-24.99 kg/m?
25-29.9 kg/m? had significantly higher risk of mortality
compared to BMI category >30 kg/m?

Medications

Twenty-eight papers examined the association between
medications and mortality, of which 12 papers reported
direction of associations (Fig. 3). Statin use was most
frequently examined in this domain (2 papers) and was
observed to be associated with a significant decrease in
risk of mortality in both papers (36 models).

Treatment related indicators

Seventy-six papers examined the association between
treatment related factors and mortality, of which 37
papers reported direction of association (Fig. 3). In this
domain, vascular access type (8 papers) and dialysis vin-
tage (length of time on dialysis) (6 papers) were most
frequently examined. For vascular access, across the
17 models (77.2% of the models, 5 papers), it was con-
sistently reported that the presence of central venous
catheters were associated with a higher risk of mortality
compared to arteriovenous fistulas. On the other hand,
only 2 papers (2 models, 100% of models) reported a
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significant association between increasing dialysis vin-
tage with increased mortality risk.

Renal related parameters

Twenty papers examined the association between renal
related parameters with mortality, of which 9 papers
reported direction of association. Blood urea nitro-
gen (BUN) was and estimated glomerular filtration rate
(eGFR) were most frequently examined (3 papers).

Health status

Twenty papers examined the association between health
status and mortality, in which 5 papers reported direction
of association (Fig. 3). Health-related QOL and Charlson
Comorbidity Index (CCI) were most frequently exam-
ined in this domain (2 papers each). Health related QOL,
measured either using the 12-item or 36-item Short form
survey instrument, was significantly associated with
increased mortality risk. Lower levels of physical func-
tioning and emotional health were also associated with
increased risk of mortality across 14 models (2 papers).
Additionally, lower levels of social functioning were also
associated with increased risk of mortality. CCI was only
reported to be significantly associated with risk of mor-
tality in 2 models (1 paper), with higher CCI scores being
associated with increased risk of mortality.

Cause of ESRD

Causes of ESRD in association with mortality were
examined in 22 papers. Of these, 8 papers reported a
direction of association (Fig. 3). Reference groups used
varied across the papers included in this review, which
resulted in inconsistency in the direction of associations.
Diabetes-associated ESRD was most used as the refer-
ence group (3 papers). Of these models, hypertension
as the primary cause of ESRD had a higher risk of mor-
tality when compared to diabetes as the primary cause
of ESRD. On the other hand, glomerulonephritis, cystic
or hereditary causes of ESRD had lower risks of mortal-
ity when compared to diabetes associated ESRD. When
glomerulonephritis-induced ESRD was considered as the
reference group, diabetes-, hypertension-, neoplasms/
tumours-, pyelonephritis-caused ESRD was associated
with increased risk of mortality.

Access to health care or information

Fifteen papers examined the association between access
to health care or information with mortality, of which,
4 papers reported the direction of association (Fig. 3).
Access to pre-dialysis nephrology care was most exam-
ined (3 papers). Individuals who received pre-dialysis
nephrology care had lower risks of mortality (8 models,
3 papers) compared to individuals who did not. This was
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consistently reported among patients undergoing hae-
modialysis or peritoneal dialysis.

Proxy measures of poor health

Twelve papers examined the association between proxy
measures of poor health indicators and mortality, of
which 7 papers reported the direction of association
(Fig. 3). History of hospitalisation was most examined (4
papers) in this domain. Readmission to hospital (2 mod-
els, 2 papers) and history of hospitalisation (13 models,
4 papers) were significantly associated with increased
mortality risk. The cause of, and time period of hospi-
talisations varied widely across papers; one paper limited
hospitalisations to cardiovascular related or infection
related hospitalisations only [46], while Kimmel et al.
examined the association of psychiatric diagnoses related
hospitalisation [92] and Shah et al. included all causes of
hospitalisations [45]. Time points of hospitalisations also
varied across papers. Shah et al. examined the associa-
tion of hospitalisation 2 years prior to onset of ESRD [46]
while Ross et al. studied hospitalisations 1 year after the
start of dialysis [93]. Despite the variation in causes of
hospitalisations and time points of hospitalisations across
papers, the association between hospitalisations and
mortality was constant. Among patients undergoing dial-
ysis, it was reported that hospitalisations 2 years before
onset of ESRD was associated with higher risk of mortal-
ity compared to individuals without any hospitalisations
[46]. Hospitalisations that occurred between 90 days and
1 year within the start of dialysis were also associated
with a higher mortality risk. Similarly, readmissions to
hospitals were associated with increased risk of mortality
[93]. Compared to individuals with no history of hospi-
talisations, those with readmissions were at higher risk of
mortality after adjusting for covariates [93].

Discussion/ conclusion
This present review examined the risk factors that pre-
dicted short-term all-cause mortality for patients with
ESRD. Measures of poor health, access to health informa-
tion and intradialytic blood pressure had the highest per-
centage of papers reporting a significant association with
short-term all-cause mortality risk. Among the risk fac-
tors frequently examined, CRP, age, and functional sta-
tus were observed to be included in a high percentage of
models that were significantly associated with short-term
all-cause mortality. However, both CRP and functional
status are often not routinely collected or documented in
the clinic setting. Findings from this review provide use-
ful information to build prognostication frameworks for
the ESRD population to aid clinical care decisions with
regards to the timely integration of renal supportive care.
The majority of papers included in this review were
rated ‘moderate risk of bias’ as they do not report results
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on model diagnostics and applied limited risk adjust-
ments. Most of the population examined were patients
on renal replacement therapy, with a vast majority on
haemodialysis. This indicates a research gap amongst
patients on peritoneal dialysis or conservative manage-
ment. Furthermore, whilst papers in this review studied
the association between the risk factors with short-term
mortality, their prospective prognostic values have not
been examined. Further studies will be needed to test and
validate their prognostic value during the construction of
prognostic risk scores for short-term mortality.

Risk prediction scores covered in this review only
included populations undergoing renal replacement
therapy. Importantly, these risk scores have not been
externally validated nor implemented in clinical settings.
Therefore, further research studies are needed to con-
firm the performance of the risk prediction scores and
their clinical utility. Given that palliative care preferences,
treatment preferences and receptivity to prognostic risk
scores varies according to culture, beliefs and religion,
examining the applicability of the risk score in a multi-
ethnic Asian population will also be valuable [94].

CRP measurements reflect underlying chronic inflam-
matory processes in dialysis patients, intercurrent clinical
events, protein-energy wasting and decreased residual
renal function. It is possible that persistent non-specific
inflammation, loss of residual renal function and system-
atic inflammation play a role in increased risk of mortal-
ity [95]. Unlike CRP, the precise mechanism to explain
the association between physical function and mortality
is less clear. It is possible that the lack of physical activ-
ity or decreased exercise frequency leads to reduction in
muscle mass, with increased risk of systematic inflam-
mation, and mortality in ESRD populations [96, 97].
Importantly, exercise interventions have been shown to
improve physical status in individuals with ESRD [98],
suggesting the importance of monitoring and maintain-
ing an individual’s engagement in exercise programmes
and functional status [99].

Despite the established associations of CRP and func-
tional status with risk of mortality, they were not com-
monly included in the computation of mortality risk
scores. CRP was only included in one of the 6 risk scores
observed in this review [64, 74, 100—103], and functional
status was not included in any of the risk scores. The lim-
ited inclusion of these risk factors into predictive risk
scores may be explained by the lack of readily available
patient information; functional status is not routinely
measured in the outpatient clinic or inpatient setting
[104] whilst CRP may be measured in the clinic, albeit
irregularly [105]. A single time point measurement of
CRP may not provide an accurate reflection of the level
of inflammation or oxidative stress. Other reasons for
the lack of inclusion are the variability in measurement
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methods and absence of standardised clinical cut-off
thresholds for CRP measurements [105-107]. For func-
tional assessment, a wide variability of methods were
employed across studies, reflecting the lack of standardi-
sation. Overall, these reasons will influence the clinical
applicability of the risk factors to predict risk of mortal-
ity. Further research is needed to determine a clinical
cut-off for CRP measurements and a standardised mea-
surement for functional status before the adoption of
these risk factors into prediction scores for short-term
mortality. Other risk factors such as race, history of can-
cer and CKD aetiology were commonly included in the
risk scores observed in this review, but not observed to
be associated with short-term all-cause mortality in this
review.

It was difficult to ascribe the risk factors highlighted
in this review as comparable to the mortality risk factors
of patients with CKD stages 3—4. Studies that examined
prognostic risk factors for patients with CKD stage 3—4
often predicted mortality for 3 years or more. In these
studies, echo-graphic factors, urine protein creatinine
ratio, eGFR and malnutrition inflammation scores were
reported to be associated with mortality [28]. Consid-
ering the different survival trajectories of patients with
CKD stage 3—4 and patients with ESRD, different prog-
nostication tools will be required.

There is preliminary evidence to suggest that type of
vascular access may be a risk factor of mortality specific
to patients undergoing dialysis. However, it was observed
that vascular access was only examined in a limited num-
ber of papers. Therefore, it was difficult to draw definitive
conclusions. More studies will be needed to determine
if the inclusion of the risk factor of vascular access will
improve the performance of a risk prediction model for
short-term mortality.

The strength of this review includes the employment
of a robust methodology to conduct and report the
findings of results based on established scoping review
framework, and provision of a comprehensive summary
of risk factors for ESRD patients for short-term all-cause
mortality. Inclusion of a quality appraisal using a well
published tool QUIPS, helped to interpret the robust-
ness of the study methodology and the results. However,
this review is not without limitations. Given that this
study was a scoping review, it was not possible to stan-
dardise the definitions of various risk factors. Nonethe-
less, despite inconsistent definitions for certain risk
factors (e.g., hospitalisations, functional status), con-
sistent associations with mortality were observed. This
review only included primary papers with mortality risk
periods of 3 years and less and may have inadvertently
excluded papers without a clear description of mortal-
ity risk period or follow up period. However, the aim of
this review was to identify and summarise risk factors for
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short-term all-cause mortality to facilitate conversations
regarding treatment options, goals of care and advance
care planning. Hence, the inclusion criteria for this scop-
ing review is unlikely to result in a selection bias. Major-
ity of the papers in this review reported mortality within
1-3 years (mortality within 1-3 years: n=347 models,
88.5%; mortality<1 year: n=45 models, 11.5%). We per-
formed a preliminary sub-analysis by splitting the out-
comes to (1) mortality<1 year and (2) mortality within
1-3 years. In this preliminary sub-analysis, we observed
that biomarkers (7 papers), comorbidities (6 papers)
and treatment related indicators (4 papers) were most
assessed for mortality<1 year (Supplementary Fig. 1). On
the other hand, biomarkers (43 papers), demographics/
lifestyle (40 papers) and comorbidities (38 papers) were
most assessed for mortality at 1-3 years (Supplementary
Fig. 2). Further studies will be needed to compare the risk
factors across the mortality period within 1-3 years and
mortality at <1 year.

In this review, we were unable to compare differences
in risk factors between patients undergoing haemodi-
alysis and peritoneal dialysis due to the small number of
papers that focused solely on peritoneal dialysis patients
(n=7). Papers that were included in this review did not
account for dialysis related variables such as weekly treat-
ment time or compared mortality risk between haemo-
dialysis and hemodiafiltration. As such, we were unable
to describe the associations between these variables with
mortality.

In this review, it was observed that there is a broad
spectrum of factors are associated with 3-year mortality
in ESRD patients. Further studies are needed to examine
the incremental predictive value of risk factors of mor-
tality. In addition, to ensure the clinical utility of future
predictive models, clear clinical cut-offs with routine,
standardised measurements of the required variables will
be needed. Following the development of the prognos-
tic models, examining the implementation process (e.g.,
acceptability to patients, caregivers and clinicians) will
also be crucial to understand the impact of the models
on treatment preferences and receptivity. Finally, under-
standing the difference in risk factors between patients
undergoing haemodialysis and peritoneal dialysis will
further knowledge of the need of different prognostic
models for the two treatment populations.

In conclusion, this study has found multiple factors
which influence short-term all-cause mortality in patients
with ESRD. While there are consistent findings for CRP
and functional status, evidence for type of vascular access
is insufficient. Commonly examined risk factors observed
from this review may be used to build a general prognos-
tic model for patients with ESRD, with the addition of
treatment- specific risk factors to enhance accuracy. Used
together with needs assessment tools (e.g., palliative care
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indicators tool), renal specific prognostic models can
be used to identify people with deteriorating health for
assessment of unmet needs for supportive and palliative
care. Critically, this will help clinicians systematically
identify patients at risk of deterioration, ensuring timely
assessment of needs and facilitation of treatment prefer-
ences and goals of care.
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